A New Target for POLO in Meiotic Centromere Cohesion  by Lake, Cathleen M. & Hawley, R.Scott
Previews
5
UbcM2 into the nucleus. But can this linkage alone serve serves as a quality control step. It excludes malfunc-
as a nuclear import signal? For two reasons this seems tioning UbcM2/E3 complexes from the nucleus and at
unlikely. First, importin 11 also binds directly to and the same time clears the cytosol from the potentially
mediates nuclear import of the ribosomal protein L12, undesired activity of these enzymes. Detailed character-
which occurs independently of ubiquitination (Plafker ization of UbcM2-dependent ubiquitination pathways
and Macara, 2002). Second, the authors have shown will shed light on these mechanisms in the future.
that only a subclass of ubiquitin-conjugating enzymes
is directed to the nucleus via importin 11. However, the
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D-13092 Berlinformational change, which in turn exposes an unknown
Germanynuclear import signal present in this specific class of E2
enzymes. But the fact that the authors could not observe
direct binding of charged UbcM2 to importin 11 makes
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Indeed, the events that facilitate chromosome segrega-A New Target for POLO
tion at meiosis I are best understood in terms of the pre-in Meiotic Centromere Cohesion cisely controlled andsequential releaseof sister chromatid
cohesion, the release of cohesion along the euchromatic
arms at the onset of anaphase I, and then the release of
cohesion at the centromeres at anaphase II.The POLO kinase is a key regulator of the release
In meiosis I, bivalents are usually held together byof sister chromatid cohesion at the onset of mitotic
crossovers (or exchanges), which result from recombi-anaphase, as well as of other features of the mitotic
nation between the two homologous chromosomes dur-and meiotic processes. In this issue of Developmental
ing meiotic prophase. Crossovers hold the bivalent to-Cell, Clarke et al. show that POLO also regulates the
gether during meiotic prophase and spindle assemblyfunction of theMEI-S332 protein, which plays a critical
because euchromatic sister chromatid cohesiononbothrole in the maintenance of sister chromatid cohesion
sides of the crossover serves to lock the exchange inat the centromere during meiosis.
place and link the homologs together. To allow the biva-
lents to separate at anaphase I, sister chromatid cohe-During the first division of meiosis, each pair of homolo-
sion must be released along the arms of the meioticgous chromosomes is aligned on the metaphase I plate
chromosomes. However, to ensure that the two sisterand then segregated at anaphase I such that two homo-
chromatids of each homolog still segregate to a singlelogs proceed to opposite poles of the meiotic spindle.
pole at meiosis I, sister chromatid cohesion must beThis pattern of segregation is critically different from the
maintained at the centromeres of each chromosomeevents of the second meiotic division (and of mitotic
throughout the first division and until anaphase of meio-segregation) in which the two sister chromatids of each
chromosome segregate to opposite poles of the spindle. sis II. This is achieved by preventing the release of sister
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chromatid cohesion in the vicinity of the centromere mutations dominantly suppress the meiotic nondisjunc-
tion phenotype of a hypomorphic mei-S332 mutantprior to anaphase II.
Sister chromatid cohesion is established during DNA whose protein product still binds tomeiotic centromeres
(Kerrebrock et al., 1992; Tang et al., 1998). The fact thatreplicationwith the assembly of aprotein complex called
cohesin. The mitotic cohesin complex consists of four reducing the dosage of POLO suppresses themei-S332
meiotic defect argues strongly that the wild-type func-proteins (Smc1, Smc3, Scc1, and Scc3), and it is the
cleavage of Scc1 by separase that facilitates the release tion of POLO kinase acts to antagonize the normal func-
tion of MEI-S332. Clarke et al. also demonstrate that fullof sister chromatid cohesion and the onset of mitotic
anaphase. In most meiotic cells, Scc1 is replaced by a levels of POLO activity are required to removeMEI-S332
from the centromeres prior to the onset of meiosis II bysimilar protein known as Rec8 (reviewed in Marston and
Amon, 2004; Page andHawley, 2004). Themeiotic cleav- showing that, in a polo mutant background, MEI-S332
remained on the centromere after the metaphase II/ana-age of Rec8 by separase also results in the loss of
cohesion along the arms, but the integrity of the cohesin phase II transition in meiosis. Curiously, however, the
retention of MEI-S332 at the centromere did not preventcomplex is maintained in the vicinity of the centromere.
How can sister chromatid cohesion be protected at proper sister chromatid separation, demonstrating that
the inactivation of MEI-S332 function does not solelythe centromeres but released along the arms of meiotic
chromosomes? The answer appears to lie in the biology depend on its removal from the centromeric region.
MEI-S332 is also present on mitotic chromosomesof a family of proteins of which the DrosophilaMEI-S332
protein is the founding member. MEI-S332 localizes to and appears to contribute to the control of mitotic sister
chromatid cohesion (LeBlanc et al., 1999). Similarmitoticthe centromere regions during prophase and is not re-
moved until the onset of anaphase II, consistent with its functions have also been identified for some of the Sgo-
like proteins in other species (reviewed in Marston androle in the maintenance of centromeric sister chromatid
cohesion. Mutants in mei-S332 lead to precocious loss Amon, 2004). The fact that MEI-S332 functions in mitotic
cells allowed the authors to further demonstrate thatof sister chromatid cohesion beginning at the onset of
anaphase I (Kerrebrock et al., 1992). although POLO kinase is required for delocalization of
MEI-S332 from the chromosomes, the release of mitoticSince the discovery of MEI-S332, homologs have
been identified in a number of other species. Like MEI- sister chromatid cohesion does not require delocaliza-
tion, again separating the inactivation of MEI-S332 fromS332, members of this family localize to the centromeric
region of meiotic chromosomes and prevent the de- its removal from the centromere.
The regulation of MEI-S332 may be dependent on thestruction of cohesin complexes in these regions until
anaphase II. Most notably, the Sgo1 (Shugoshin) protein phosphorylation statusofMEI-S332. In embryo extracts,
MEI-S332 was found to be phosphorylated at interphase,was identified in both fission and budding yeast based
upon its localization to the meiotic centromere and its dephosphorylated at metaphase, and phosphorylated at
anaphase,which suggests that phosphorylation could oc-role in protecting centromere cohesion during the first
meiotic division, presumably by protecting Rec8 from cur at the onset of the metaphase/anaphase transition.
However, localization to the centromere is not requiredcleavage by separase (reviewed in Marston and Amon,
2004). A thorough understanding of the mechanisms for phosphorylation because a mei-S332 mutant that
fails to localize to the centromere has a similar cell cyclethat differentially control sister chromatid cohesion at
the centromeres will require the elucidation of themech- phosphorylation pattern as wild-type. The authors also
show that MEI-S332 is phosphorylated by POLO kinaseanisms by which MEI-S332 and MEI-S332-like proteins
are localized to the kinetochore, function to prevent in vitro and this phosphorylation is dependent upon a
functional POLO box domain (PBD) binding site(s) oncohesin cleavage, and are eventually inactivated or re-
moved from the kinetochores at the appropriate time. MEI-S332 andaPBDonPOLOkinase.Moreover, at least
one of the PBD binding sites onMEI-S332 is required forOne candidate for a regulator of MEI-S332 activity is
POLO kinase. In addition to playing multiple other roles proper delocalization from chromosomes at the onset
of metaphase/anaphase transition in S2 cells.in both meiosis and mitosis (Clyne et al., 2003; Lee and
Amon, 2003; Marston and Amon, 2004), several lines of The study by Clarke et al. (2005) shows that POLO
regulates both the activity of MEI-S332 and its removalevidence strongly suggest that POLO plays a critical
from the centromeric region. However, the finding thatrole in mediating sister chromatid cohesion. In budding
inactivation can be achieved without removal from theyeast, phosphorylation of Scc1 by the POLO kinase or-
centromere suggests an additional, and perhaps POLO-tholog Cdc5 at serine residues adjacent to Scc1 cleav-
independent, mechanism for inactivating MEI-S332.age sites strongly enhances their cleavage by separase
Identifying this mechanism and how it relates to the(Alexandru et al., 2001). More importantly, cleavage of
phosphorylation status of MEI-S332 will lead to a betterthe meiosis-specific Rec8 protein by separase is com-
understanding of the maintenance of sister chromatidpletely dependent on Cdc5 (Clyne et al., 2003; Lee and
cohesion at the centromere and thus the basic mecha-Amon, 2003). It therefore seems reasonable that the
nism of meiotic chromosome segregation.function of MEI-S332 and MEI-S332-like proteins might
be at least partially regulated by POLO. Now, a new
study by Clarke et al. (2005) in this issue of Develop-
mental Cell shows that MEI-S332 activity is inhibited by Cathleen M. Lake and R. Scott Hawley
POLOkinase and thatMEI-S332 localization is regulated Stowers Institute for Medical Research
by phosphorylation by POLO kinase. 1000 East 50th Street
Kansas City, Missouri 64110Clarke et al. show that three loss-of-function polo
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